INTRODUCTION
The most widespread vegetation type found in Zambia is Brachystegia-Julbernardia or 'miombo' woodland which covers nearly two-thirds of the country. Species of three genera of the family Leguminoseae contribute the dominants: Brachystegia (of which there are nineteen local species together with their hybrids), Julbernardia and Isoberlinia. A general trend in their representation can be seen from the south of the country to the north. In the south, Brachystegia species are found in association with Julbernardia globiflora (Benth.) Troupin, while towards the central region, J. globiflora is replaced by J. paniculata (Benth.) Troupin. In the north, where the trees become taller and more dense, Isoberlinia angolensis (Welw. ex Benth.) Hoyle & Brenan, is found in association with Brachystegia species and Julbernardia paniculata. The number of Brachystegia species increases northwards with increasing rainfall (White 1968) .
Miombo woodland occurs on land considered 'marginal' for the sophisticated methods of agriculture which have been introduced into Zambia from Western countries. It is nevertheless potentially important due to, the large proportion of Zambia which it covers, so it was decided to find the optimal land use for this vegetation type, whilst at the same time bearing in mind the stated priorities within Zambia's development programme. There is a need to develop the beef-cattle industry. It was therefore decided to determine to what extent cattle utilize the miombo woodland and if it would be economic to apply low levels of management, so modifying the habitat and resulting in higher stocking rates and hence greater productivity.
The dry season in Zambia extends from March/April to November. From July onwards, when the woodland grasses which have been well grazed become parched, the bush species start to produce the new season's flush of leaves. These have a very high crude protein content, whereas that of the woodland grasses falls to its lowest level at this time while its crude fibre content rises to a peak (Brockington 1960) . Lawton (1968) suggested that if woodland is being stumped for grazing, those species utilized as browse by cattle should be retained as coppice. Throughout Zambia, various forms of an agricultural system called Chitemene, a type of shifting cultivation, have evolved. In the Northern Province at Misamfu Regional Research Station (latitude 100 25', longitude 310 25'), where this study was carried out, the form of the Chitemene system used to prepare gardens is based on clearing an area of miombo woodland about ten times the size of the required garden area. Cutting is by lopping and the branches are then carried to the area of the future garden and stacked to make a circular bed of fuel about 0 7 m deep. The stacks are kindled and a thick seed-bed of ash is left which seems to be effective in overcoming the general poverty of the soil. The garden will be used for 4-5 years and then abandoned (Trapnell 1953) . Chitemene is a familiar system to many subsistence farmers so it was decided to incorporate certain aspects of this traditional agricultural practice into the plans for the management of miombo woodland. After the trees have been lopped, following the custom of the Chitemene system, the regrowth, high in crude protein, grows at a height available to cattle as browse.
METHODS
Trees in three 0-2-ha paddocks were identified to species and labelled with metal tags. Those with boles exceeding 10 cm in diameter were lopped to a height of approximately 1 m the season before the study started; a few trees were left standing as shade trees. Nearly all re-growth arose from the cut surfaces of the stumps (Plate la). Trees with boles of less than 10 cm in diameter were stumped out. A sample of the tree population in each paddock was selected for further study. When a species was represented by up to eight trees in a paddock, the sample number taken was two trees; where it was represented by between nine and twelve trees, the sample taken was three trees; over twelve trees, the sample was four trees. Ten percent of the total branches of each sample tree was taken at random as the sub-sample.
Four yearling Zebu steers (approximate weight 200 kg each) went into the study paddocks in August and again in October. In each of these months, the four steers went together into the first paddock for 2 days, they were then all moved to the second paddock for the third and fourth days and to the third paddock for the last 2 days. Before the steers went into each paddock, the branch sub-sample (selected as described) was marked (Plate lb). All the leaves on each of these branches were counted. The steers were then allowed to enter the paddock. Two days later when they had been removed, the leaves on the marked branches were re-counted. The difference between the counts gave the number of leaves in the sub-sample eaten during that period of time. The total number of leaves eaten was estimated as the product of the total number of trees, N, the mean number of branches per tree, mb, and the mean number of leaves eaten per branch, mi. The standard errors of the last two were denoted by Sb and s1 respectively. The standard errors of the estimated total numbers of leaves were calculated using the formula:
Notes were made on the stage of growth of the leaves. A counted number of leaves of each species was taken and weighed, giving the average weight of a leaf. The weight eaten during a given time interval was then calculated. Leaf and grass samples were taken for chemical analyses. Nitrogen was calculated by the Kjeldahl method and described as crude protein by the use of a conversion factor. Energy was calculated by the modified acid-detergent-fibre method of Clancy & Wilson (1966) .
RESULTS
The three paddocks differed too widely in species composition for them to be considered as replicates, hence the results from the three paddocks were combined. The density of trees was 762 trees/ha, comprising thirty-eight species. Twenty-three of these species each contributed less than 1?/ by number of the total tree population and summed, they contributed 10 5 / of the total number. Only twelve species were both present in sufficient numbers (each species more than 1% by number) and browsed at high enough levels (each species more than 1%Y by weight) to justify further study (Table 1) Tables 2 and 3 show the quality and quantity of energy and crude protein obtained by each steer per day in August and October as a result of browsing.
The energy derived from browse in August has been estimated as 2-9 kcal/animal/ day, using the modified acid-detergent-fibre method of Clancy & Wilson (1966) . 0-2 1 * 1, Species contributing less than. 1 by number of the total, but not browsed; 2, species contributing less than 1%0 by number of the total and browsed; 3, species contributing more than 1%0 by number of the total, but not browsed; 4, species contributing more than 1%y by number of the total, but contributing less than 1%4 by weight of the total amount browsed; 5, species contributing more than 1%Y by number of the total and more than 1 by weight of the total amount browsed.
The assumption has been made that the regression equation calculated by them under temperate conditions is valid under the sub-tropical conditions of Zambia. From this method, a figure was obtained for the digestible dry matter (D.D.M.) of browse, as a Council (1965) estimated that, where the energy content of the food is 1 8 kcal/kg, a total of 8-6 kcal would be the energy requirement for maintenance. Approximately 340 of the energy required for maintenance was therefore provided by browse.
Similarly, from Table 3 , browse eaten in October contained an average of 2 1 kcal/kg. The energy derived from this mixture has been estimated as 13-4 kcal/animal/day and at 2 1 kcal/kg this would result in a live weight gain of approximately 0 75 kg/day. In August, the browse contained 125 % crude protein (C.P.). Elliott & Fokkema (1960 a, b) showed that a linear relationship existed between apparently digestible crude protein (D.C.P.) and the crude protein (C.P.) content of the feed. The regression equation relating these variables was:
D.C.P.% = 0 9 x C.P.%. .-3.
The relationship between D.C.P. and available protein (A.P.) was:
where D is the dry matter intake in kg/day (A.R.C. 1965). The rate of live weight gain, obtained from browse, for each 200-kg steer in August was calculated as 0-2 kg/day from the table of minimum requirements of available protein for maintenance and growth of cattle (A.R.C. 1965) .
Similarly, in October, the browse contained 17.2% C.P. It was calculated that this would produce a live weight gain of more than 1 2 kg/steer/day.
The estimated total numbers of leaves eaten with their standard errors are shown in Table 4 .
DISCUSSION
The steers in this trial were not familiar with the browsing regime. Records from future seasons will show whether browsing intensity increases with familiarity. The animals were used only to measure the quantities of the different tree species which were eaten and the proportion of the diet contributed by each and no attempt was made to measure animal weight gains over the short periods employed. The theory underlying the method of calculation of the standard errors of the estimates is based on larger numbers of trees being taken and on the absence of correlation between leaves per branch and branches per tree. It was difficult to check the absence of correlation from the small amount of data available. Due to this uncertainty and because of the magnitude of the standard errors the estimates of total leaves eaten can only be regarded as broad indications of the orders of magnitude of the quantities involved. However, from the weights and the quality of the browse consumed it was possible to make rough estimates of the contribution it made to the protein and energy requirements of the animals.
In August, the browse eaten contained 12.5% C.P. which compared favourably with the 30%o C.P. content of the grass at that time. Approximately 3400 of the energy required for maintenance was provided by the browse and it provided sufficient protein for an increase in live weight of 0-2 kg/day. Due to the high crude protein content of the browse, an increased dry matter intake from the grass could be expected so enhancing both the protein and the energy intakes.
In October, the browse alone provided sufficient energy to result in a 0-75 kg live weight gain per steer per day. The protein content at that time was in excess of the requirement for a 0-75 -kg live weight gain.
At a time when the grass is at its poorest it seems likely that browse could make a significant contribution to both protein and energy requirements of grazing cattle. Further work is needed, with longer experimental periods, to measure actual weight gains under these conditions. Zambia, for performing the chemical analyses. Finally, I thank the Director, Department of Agriculture, Republic of Zambia, for his permission to publish the results.
SUMMARY
A preliminary assessment of the potential of bush utilization by cattle was carried out during the latter half of the dry season in an area of Zambia considered marginal for accepted agricultural methods.
In August 1968, and again in October 1968, four yearling Zebu steers spent 2 days in each of three 0-2-ha paddocks containing grass and lopped trees of miombo woodland. A sub-sample of leaves was counted before the steers entered the paddock and again after they had left it: this provided an estimate of browse eaten. Leaf and grass samples were taken for chemical analyses.
As the standard error was approximately 50Y4 of the estimate, the following figures should be used only as broad indications of the orders of magnitude involved. In August, the average intake of browse per animal was 16 kg D.M./day containing 111 g A.P. and 34% of the total metabolizable energy intake required for maintenance. In October, the average intake of browse per animal was 6-4 kg D.M./day containing 713 g A.P. and 2 1 kcal/kg M.E. This alone would supply sufficient protein and energy for weight gains of the order of 075 kg/day.
